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Figure 3a. Structure of a Gratzel Cell. A esoporous titania nanoscaffolding houses small dye molecules, which 
harvest light and generate excitons. Electrons flow through the titania to an anode mounted on glass substrate, and 






 Figure 3b. Typical energy diagram of a Gratzel C ll. Electrons are excited from the dye HOMO to LU , 
where it transfers quickly to the conduction band of the TiO2 nanostructure, and on to the anode. Meanwhile, the 













referred to as “black dye”. The absorption spectra of two such dyes available from Aldrich are 
sh wn in Fig. 528. 
 
 
Figure 5. Two absorption spectra of N-719 and Z-907 dyes, respectively, as reported by Sigma-Aldrich. These dyes 
show broad absorption spectra across the visible range, leading to their nickname “black dye”. Figure obtained from 
Ref. 27. 
 
 It may seem that an effective solution to exciton generation has been found in black dye – 
after all, these dyes are extremely robust, absorb heavily in the visible range, and contain groups 
which effectively chelate to titania. However, the downside to these dyes is their use of 
ruthenium as the transition metal core. Ruthenium is rare, expensive, and found only in trace 
mou ts. Worl  produ tion of ruthenium is approxim tely 12 metric tons29, and though it is 
f und in the rare mi erals laurite, ruarsit , and ruthenarsenite, its commercial recovery is limited 
almost entire to trace elemental amounts in nickel deposits in Africa and the Americas. Because 
of the difficulty of obtaining ruthenium, both due to its rarity and its placement in other mineral 
formations, it is both an environmentally hazardous element to mine as well as very expensive to 







































































































(a)                 (b) 
            
Figure 10. Cross‐sectional images of TiO2 layer on glass slide using scanning electron microscopy. TiO2 solution was left on slide for over 2 minutes before spinning at 1000 rpm for 30 seconds, followed by sintering at 500°C for 20 minutes. Dark boundary at bottom is glass, gray layer being measured is TiO2, and thin gray layer between the two is ITO layer. (a) TiO2 layer is 9.61 µm thick;  (b) TiO2 layer at a different section of the slide is 8.61 µm thick.  








































































































































Dye  Maximum efficiency over several assays (%)  Sealing temperature (°C)/time slide soaked in dye solution (days) 0.0189  75/2 0.0467  75/2 0.109  75/1 0.0817  65/1 0.0706  55/1 0.0414  55/2 0.0594  45/2 
Retinoic acid 
0.0427  50/3 0.00836  75/2 0.0219  60/2 0.0127  75/1 0.0153  65/1 0.0204  55/1 0.0183  55/2 0.0503  45/2 
Melanin 
0.0351  50/3 0.00209  75/2 0.00470  60/2 0.0320  0/1 0.0300  0/1 0.0150  50/3 0.0149  50/4 0.0142  55/4 
Hemin 
0.00614  55/4 1.01  */1 Ruthenium  1.91  */2 
Table 1. Tabulation of maximum efficiencies for each cell. Included is information on temperature of hot plate during sealing and number of days each anode slide was soaked in dye solution. * Ruthenium cells were sealed using a soldering iron at an unknown temperature 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